Background: Previous surgery or slim body configuration can limit the size of the available abdominal flap in autologous breast reconstruction. However, redundant skin and subcutaneous tissue lateral to the mastectomy site can be utilized as the pedicled lateral intercostal artery perforator (LICAP) flap. This study evaluates the combination of a free abdominal flap and a pedicled LICAP flap to achieve increased breast size and improved cosmetic outcome. Methods: Patients undergoing secondary autologous breast reconstruction were included in a prospective study. The combination with a LICAP flap was used for women with insufficient abdominal flap tissue in relation to the desired breast size. The authors also assessed their modification of the original lateral thoracodorsal flap design to improve the aesthetic outcome. Results: In 109 patients, 121 free abdominal flaps were performed. The combination with a pedicled LICAP flap was used in 82 free abdominal flap reconstructions (68%). The LICAP flap provided additional volume and resulted in better projection and ptosis of the neo-mamma. The overall complication rate for the LICAP flaps was 26 %; all minor complications. Despite combining flaps, the majority of patients needed additional surgery to improve breast symmetry. Breast reduction of the native breast was the most common symmetrizing procedure. Conclusion: In selected patients with insufficient abdominal flap tissue, a combination of a free abdominal flap and a pedicled LICAP flap is a valuable option to increase breast size and cosmetic outcome. Additional symmetrizing surgery might still be necessary.
INTRODUCTION
Free abdominal flap breast reconstruction is a wellestablished surgical procedure. Few other donor sites can provide the same volume and tissue quality to create a natural looking breast. Still, slim body configuration, previous surgery affecting the abdominal flap perfusion or the request for bilateral reconstructions might result in breasts with unsatisfactory volume and shape. In these patients, we therefore recognize a need to augment the abdominal flap with other tissue to fulfill patients' expectations.
Many women with previous ablative breast surgery have an excess of skin and subcutaneous tissue lateral to the original breast site, which can be utilized as a pedicled fasciocutaneous flap. This flap was originally described as the lateral thoracodorsal flap (LTD) by Holmström and Lossing 1 in secondary implant breast reconstructions. Their seminal article has been followed by several publications describing the relevance of this flap, in combination with other flaps as well as a stand-alone option in oncoplastic or salvage breast surgery. [2] [3] [4] [5] [6] In accordance with the recent change in flap nomenclature, the pedicled LTD flap should now more correctly be named the pedicled lateral intercostal artery perforator (LICAP) flap. 7, 8 At our institution, many patients wish to keep their breast size unchanged and therefore desire rather large reconstructions. The aim of our study was to assess the applicability of a novel combination of a free abdominal flap and a pedicled LICAP flap to achieve the desired breast size in selected patients. Being able to reconstruct larger breasts, we also hypothesized that there would be a reduced need for additional surgery to reach symmetry with the native breast in unilateral cases. Although the combination of a LICAP flap with other flaps already has been described in breast surgery, to the best of our knowledge there are no previous reports on the combined use of the LICAP flap and a free abdominal flap in secondary breast reconstruction.
MATERIALS AND METHODS
A retrospective study of prospectively collected data was performed in accordance with the principles outlined in the Declaration of Helsinki and in-house rules of the University Hospital. All patients consented in writing to participate in the study. Patients were nonsmokers or had stopped smoking at least 3 months before surgery. First, the maximal lower abdominal flap size was estimated based on a preoperative evaluation considering previous scars and body mass index (BMI). A pinch test was used to establish the maximal width that could be obtained. If patients asked for a breast volume larger than what could be provided by the free abdominal flap alone, the combination with an LICAP flap was discussed and a formal consent to proceed was obtained. The excess of skin and subcutaneous tissue on the ipsilateral thoracic wall was thereafter assessed, also by pinch test. The LICAP flap was initially designed as described by Holmström and Lossing 1 , with 2/3 of the base of the flap positioned below the anticipated sub-mammary fold and 1/3 above (Fig. 1A) . We later modified the LICAP flap design, whereby the whole base of the flap was above the anticipated sub-mammary fold, as we found this to give a more natural appearance of the neo-mamma (Fig. 1B) . The inferior border of the flap was marked a few centimeters shorter than the superior border.
Surgical Technique
Using a two-team approach, one team raised the free abdominal free flap, whereas the other team prepared the recipient vessels and the LICAP flap. The abdominal flap was harvested using previously described techniques. 9, 10 The superficial inferior epigastric vein was frequently included, to enable us to enhance the venous drainage in large flaps, as needed. On the thorax, the transverse postmastectomy scar was excised and the skin incision was extended in a cranial direction at the anterior axillary fold (Fig. 2) . The mastectomy skin flaps were raised from the thoracic wall. The LICAP flap was harvested by incisions through skin and subcutaneous tissue along its superior and inferior borders, whereby the inferior incision was beveled in a caudal direction to recruit more tissue and protect the intercostal perforators. The flap was thereafter raised at subfascial level lateral to medial from the underlying serratus anterior musculature starting at the anterior border of the latissimus dorsi muscle. Hakakian et al. 11 have recently described a subcutaneous dissecting technique, that we used in a few cases. Once the basis of the flap was reached, no further dissection was done. Although the perforators can be skeletonized, this is not necessary for flap transposition. In fact, we recommend leaving a cuff of soft tissue for vascular pedicle protection.
The internal mammary vessels were used as recipients in all cases. Exposure and dissection was accomplished by removing a parasternal piece of the third or fourth rib. The microvascular anastomosis was done using end-to-end sutures on the arteries and a coupling device for the veins (GEM coupler; Synovis Micro Companies Alliance, Birmingham, Alabama). If the venous drainage of the flap was deemed insufficient based on clinical signs and dynamic infrared thermography, the superficial inferior epigastric vein was coupled to another local vein, most commonly the cephalic vein, to enhance the flap circulation.
The free flap was then partially deepithelialized and covered by the mastectomy flaps. The LICAP flap was transposed in a cranial direction to fill the defect created at the anterior axillary fold when raising the superior mastectomy flap. To optimize breast contour, the LICAP flap tip can be partially deepithelialized and buried. The LICAP flap donor site was closed using subcutaneous and resorbable intracutaneous sutures. The remaining skin incisions on the thorax were closed using only resorbable intracutaneous sutures. A drain was placed beneath the free flap and in the LICAP flap donor site.
Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics ver. 22 (IBM Corp., Armonk, N.Y.). The following tests were used: independent samples t tests (flap size versus BMI class, relative use versus flap type or BMI class, flap weight and relative use versus surgical procedure), 1-way analysis of variance (ANOVA) (age, BMI, or flap size versus flap type) and binary logistic regression (symmetrizing surgery versus procedure type). The significance level was set at P = 0.05 in all tests.
RESULTS
During a 6-year period, 109 patients were operated for secondary autologous breast reconstruction, resulting in 121 abdominal flaps. The mean age was 52 years (range, 28-72) and the mean BMI was 26.2 kg/m 2 (20.6-33,5) . In addition to prior breast ablative surgery, 74 patients had received radiochemotherapy, whereas 11 patients had only radiotherapy, and 8 patients had only chemotherapy. The number of deep inferior epigastric artery perforator (DIEAP) flaps and muscle sparing transverse rectus abdominis (ms -TRAM) flaps was 100 and 16, respectively. There were 5 superficial inferior epigastric artery flaps. There was no statistical difference in age and BMI between patients grouped by flap type. used to reconstruct the breast, with no difference between ms-TRAM and DIEAP flap procedures. There was a tendency to use less of the total transverse flap in patients with BMI over 27 kg/m 2 (mean, 71%) compared with patients with lower BMI (mean, 77%; P = 0.1). The range of the relative use was equal for both groups (46-100%).
The free abdominal flap was combined with an LICAP flap in 76 patients (82 LICAP flaps), in 70 unilateral and 6 bilateral reconstructions. The remaining 33 patients with only free abdominal flaps comprised 27 unilateral and 6 bilateral cases. Comparing unilateral breast reconstructions with the LICAP flaps to the ones without, there was no significant difference in mean flap weight (702 versus 682 g) or the amount of abdominal tissue that was used (68% versus 75%). The same held true for bilateral cases, in which each breast was reconstructed with half of the abdominal flap. The mean flap weight was 658 g for patients with the combined procedure compared with 549 g for patients with only free abdominal flap reconstructions. The mean length and width of the LICAP flaps were 11 cm (5-15 cm) and 6 cm (4-9 cm), respectively.
Two ms-TRAM flaps and 2 DIEAP flaps failed completely, and these 4 patients were therefore excluded from the statistical analysis concerning the need for additional symmetrizing surgery. All of them had received both radio-and chemotherapy. In general, all LICAP flaps survived. Sixteen LTD flaps developed a necrotic tip and 5 LTD flaps showed partial epidermolysis. The overall complication rate of the LTD flaps was 26% (21/82). Thirteen of the 21 LTD flap-related complications occurred in patients with previous radiotherapy.
Follow-up data were available for all the 105 patients with successful reconstructions (117 breasts). Additional surgery to improve breast symmetry was needed in 47 of the 79 reconstructions (57%) with the combined procedure compared with 18 of the 38 reconstructions (47%) without LICAP flap. This difference in frequency was not statistically significant. Symmetrizing surgery was also equally frequent for patients, when grouped by BMI class (more or less than 27 kg/m 2 ). The most commonly performed symmetrizing procedures were contralateral breast reduction for patients with LICAP flaps and fat transfer to the native breast for patients without LICAP flaps.
DISCUSSION
The major goal in breast reconstruction is creating a natural looking breast with adequate volume and shape. Beautiful results can be obtained with the use of a free abdominal flap. However, previous abdominal surgery can reduce the availability of abdominal tissue and will, together with obesity, increase the risk for complications in relation to both donor sites and flaps. [12] [13] [14] Furthermore, in patients with thin body configuration and large breasts, the entire lower abdominal tissue might be needed to create an appropriate breast size. There are various surgical techniques to recruit the whole flap, including double pedicle, stacked flaps, and other methods to increase flap projection. [15] [16] [17] [18] All these will increase the complexity of the surgery and, thereby put the patient at greater risk for complications. The patients at our institution often prefer to keep their original breast size. Even overweight patients may, for various reasons, not always have an abdominal pannus to achieve that, keeping in mind that these patients often have a large remaining breast to go with their general body habitus. We therefore looked for additional tissue to create a larger neo-mamma without complex harvesting procedures or substantially increased risk for inadvertent results.
General Impression
In this study, we have combined free abdominal flaps with pedicled LICAP flaps, to provide extra volume in secondary breast reconstructions. In addition to larger breast size, we observed increased projection of the reconstructed breast with the combined procedure, as the free abdominal flap could be positioned more medially resulting from the lateral support from the LICAP flap, in comparison to the reconstructions in which we did not use LICAP flaps. Harvesting the LICAP flap did not increase operation time. The LICAP flap tissue lateral to the original breast site is often annoying and many patients ask to have this reduced anyhow. Still, although rather inconspicuous, harvesting a LICAP flap will result in additional scarring in the axilla, which potentially might cause additional postoperative morbidity.
Protecting the Pedicle in Large Reconstructions
Voluminous subcutaneous tissue, in relation to the area of skin surface of the free abdominal flap, can sometimes cause high tension at the suture lines and may result in inadvertent compression on the vascular pedicle after inset. Excision of subcutaneous tissue to reduce the flap volume would result in a smaller breast with less projection. In these situations, the LICAP flap can provide additional skin coverage and thereby reduce the risk for high tension on the sutures and pedicle compression. Furthermore, the skin surplus enables the surgeon to create more ptosis of the reconstructed breast if needed.
Symmetrizing Procedures
The novel combination of flaps presented in this study did not result in a reduced need for breast symmetrization, contrary to our hypothesis. Despite using a mean of 75% of the abdominal tissue and a LICAP flap to augment volume, the majority of patients still asked for additional surgery to achieve symmetry. In the group of patients with the combined procedure, breast reduction of the remaining breast was the most frequently performed procedure. We believe that this can be explained by the fact that many of our patients had a large remaining breast that we could not match with the available flaps. Although we used the entire lower abdominal tissue in some patients, more often we decided to discard zone 4 and a part of zone 3, in situations where the distal flap perfusion was insufficient on peroperative assessment. In a recent article, Wade et al. 19 reported on contralateral breast symmetrization after unilateral DIEP flap breast reconstructions, finding that almost half of their patients had additional surgery done. An interesting finding of our study is the high percentage of patients who asked for the combined procedure. We have the impression that our patients commonly ask for a large-volume breast reconstruction. In patients who had their breast reconstructed with only the free abdominal flap, the most frequently performed additional procedure was fat transplantation to the contralateral native breast to increase its volume. The need for additional surgery in our study was not related to BMI. Although patients with high BMI often have more surplus tissue on the lower abdomen, these patients also commonly wish for larger breast reconstructions. The main indications for symmetrizing surgery were unequal size and ptosis of the nonoperated breast.
Complications
A few patients developed early postoperative complications and required secondary revisions. The risk for complications in autologous breast reconstruction are well known and relate to flap type, length of surgery, and patient characteristics. [20] [21] [22] Our complication rate did not differ from previous reports. 12 Regarding LICAP flap-related complications, our early complication rate at 26% falls within the previously reported incidence at 12-36%. 2, 22, 23 These flap complications can be considered minor and are easily treated at the outpatient clinic. Commonly reported risk factors are high BMI, smoking, and lengthy flaps. Because the LICAP flap does not have a true axial perfusion, the distal flap circulation is difficult to predict, resulting in an increased risk for partial epidermolysis and tip necrosis. We therefore limited the length of the LICAP flaps to maximally 15 centimeters, in accordance with previously reported recommendations. 23 Still we observed tip necrosis in 16 LICAP flaps, mainly in patients who had received radiotherapy. This has also been reported by others. 24 Contrary to some studies, we did not find any correlation between BMI and LICAP flap complications.
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Novel LICAP Flap Design
We modified the LICAP flap design as compared with the description by Lossing et al. 25 In our hands, the combination of the original flap outline and a free abdominal flap resulted in an unsightly box-form appearance of the new breast (Fig. 3) . A similar square shape was also reported by Hudson 3 , when using the combination of a pedicled TRAM and a LICAP flap. This is related to the LICAP flap pivot point being at the inferolateral border of the breast. Our modification transposes the pivot point more superiorly due to the fact that the inferior border of the LICAP flap is placed at the anticipated submammary fold. The result is a more natural contour in the inferior and lateral part of the breast (Fig. 4) . In any case, the perforators arising from the serratus anterior muscle need to be protected, when the base of the LICAP flap is reached during the subfascial dissection.
Postoperative Considerations
It is important to avoid using a tight bandage or bra postoperatively, since this might cause inadvertent compression on the lateral intercostal perforators. Following mastectomy, some patients will experience unsightly and tense contracture of the transversal scar. Since this scar is intersected laterally with soft skin and subcutaneous tissue from the LICAP flap, the tension is reduced and the esthetical appearance improved. The transposed LICAP flap also allows for more tension free inset of the free abdominal flap beneath the raised mastectomy skin flaps. Finally, the distal part of the LICAP flap can contribute to recreate the lateral cranial fullness seen in a natural breast. The scars in the axilla and in the lateral part of the neo-mamma can be easily hidden using regular clothing and were well tolerated by our patients. It is worth noticing that the scars after the LICAP flap procedure do not reach onto the back, as would be the case when using a latissimus dorsi or thoracodorsal artery perforator flap. Esthetically, the LICAP flap enabled us to create a breast with a more natural shape, more ptosis, and an improved lateral contour, even in patients with inadequate abdominal flap volume to match their preoperative desires. 
CONCLUSIONS
The combination of a free abdominal flap and a pedicled LICAP flap allows for the reconstruction of larger breasts in patients with marginal tissue redundancy on the abdomen. The LICAP flap provides a natural lateral contour to the reconstructed breast and can contribute to more projection as well as increased ptosis. The procedure is simple and safe without adding extra operative time or unsightly scars. To minimize postoperative complications, the length of the LICAP flap and previous local radiotherapy need to be considered. Many patients still opt for additional procedures to achieve optimal breast symmetry.
